The reaction of Mg2+ with the Ca2+-ATPase from human red cell membranes and its modification by Ca2+.
Media prepared with CDTA and low concentrations of Ca2+, as judged by the lack of Na+-dependent phosphorylation and ATPase activity of (Na+ +K+)-ATPase preparations are free of contaminant Mg2+. In these media, the Ca2+-ATPase from human red cell membranes is phosphorylated by ATP, and a low Ca2+-ATPase activity is present. In the absence of Mg2+ the rate of phosphorylation in the presence of 1 microM Ca2+ is very low but it approaches the rate measured in Mg2+-containing media if the concentration of Ca2+ is increased to 5 mM. The KCa for phosphorylation is 2 microM in the presence and 60 microM in the absence of Mg2+. Results are consistent with the idea that for catalysis of phosphorylation the Ca2+-ATPase needs Ca2+ at the transport site and Mg2+ at an activating site and that Ca2+ replaces Mg2+ at this site. Under conditions in which it increases the rate of phosphorylation, Ca2+ is without effect on the Ca2+-ATPase activity in the absence of Mg2+ suggesting that to stimulate ATP hydrolysis Mg2+ accelerates a reaction other than phosphorylation. Activation of the E1P----E2P reaction by Mg2+ is prevented by Ca2+ after but not before the synthesis of E1P from E1 and ATP, suggesting that Mg2+ stabilizes E1 in a state from which Mg2+ cannot be removed by Ca2+ and that Ca2+ stabilizes E1P in a state insensitive to Mg2+. The response of the Ca2+-ATPase activity to Mg2+ concentration is biphasic, activation with a KMg = 88 microM is followed by inhibition with a Ki = 9.2 mM. Ca2+ at concentration up to 1 mM acts as a dead-end inhibitor of the activation by Mg2+, and Mg2+ at concentrations up to 0.5 mM acts as a dead-end inhibitor of the effects of Ca2+ at the transport site of the Ca2+-ATPase.